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IAS 29 and the cost of holding money 
hyperinflationary conditions 
Andrew Higson, Yoshikatsu Shinozawa and Mark Tippett* 
under 
Abstract -Empirical evidence is presented on the efficacy of procedures summarised in IAS 29: Financial 
Reporting in Hyperinjlarionary Economies for estimating the loss in purchasing power from holding monetary 
items during hyperinflationary periods. Our empirical analysis encompasses 32 hyperinflationary economies cov- 
ering a wide variety of hyperinflationary conditions and spanning a period of more than 80 years. While the esti- 
mation procedures summarised in IAS 29 perform poorly under all the hyperinflationary conditions encompassed 
by our sample, they are especially poor when the rate of inflation accelerates towards the end of a relatively short 
hyperinflationary period. For these latter economies, our best estimate of the actual purchasing power loss is typi- 
cally only a small fraction of the figure obtained under the IAS 29 procedures. For hyperinflations of longer dura- 
tion, the IAS 29 procedures return estimated purchasing power losses that are typically around 10% larger than our 
best estimate of the actual losses. We also derive and empirically test a general class of ‘two point’ estimation for- 
mulae that make more efficient use of the sparse information set on which the IAS 29 estimation procedures are 
based. The results obtained from this procedure are encouraging and suggest it is possible to obtain reliable esti- 
mates of purchasing power losses using only sparse information sets provided realistic assumptions are made about 
the way monetary holdings respond to variations in the purchasing power of the currency. 
Key words: Hyperinflation; IAS 29; monetary items; quadrature (estimating) formula; purchasing power loss. 
1. Introduction 
Seigniorage is the process whereby governments 
print currency and exchange it at face value for the 
goods and services required to implement their 
spending programmes. Governments generally en- 
sure that the rate of growth in the currency is 
roughly comparable with the rate of growth in gen- 
eral economic activity. However, there are numer- 
ous instances of weak and/or insipid governments 
that have relied almost exclusively on seigniorage 
to finance their spending programmes. In these 
cases the rate of growth in the currency normally 
far exceeds the rate of growth in general econom- 
ic activity and the currency ends up being debased 
by hyperinflation. The most notorious example of 
this practice is provided by the German hyperinfla- 
tion during the Weimar Republic after the First 
World War as it struggled to meet the reparation 
payments required of it under the Versailles Treaty. 
More recent examples of these hyperinflationary 
seigniorage practices are provided by Angola be- 
tween 1996 and 2005, Belarus between 1995 and 
2003, Madagascar between 1994 and 1996, Poland 
between 1990 and 1995, Romania between 1994 
and 2002, Russia after the break-up of the Soviet 
Union in 1992, Turkey until the reform of the cur- 
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rency in 2005 and the Ukraine between 1993 and 
1997. Hence, it is not unusual to encounter organ- 
isations that have to operate under hyperinflation- 
ary conditions and the International Accounting 
Standards Board (IASB) has endorsed the finan- 
cial reporting standard IAS 29: Financial Reporting 
in Hyperinflationary Economies (IASC, 1989) to 
meet the unique financial reporting problems that 
arise in such environments. 
IAS 29 does not establish an absolute rate of in- 
flation at which hyperinflationary conditions will 
be deemed to prevail but instead sets out some 
general characteristics that indicate the presence of 
hyperinflation and under which the reporting pro- 
visions summarised in the standard are to be 
implemented. The characteristics include the ob- 
servation (para. 3) that the ‘general population’ 
prefers to maintain its wealth in non-monetary as- 
sets or in monetary assets denominated in a rela- 
tively stable foreign currency; that interest rates on 
debt transactions are linked to the rate of change in 
prices while credit sales and purchases are made 
at prices which compensate for the expected loss 
in purchasing power over the credit period; and 
that the cumulative rate of inflation over the previ- 
ous three years is approaching or exceeds 100%. 
When these conditions are satisfied, para. 8 of IAS 
29 mandates that published corporate financial 
statements ‘shall be stated in terms of the measur- 
ing unit current at the reporting date’. This means 
that the revenue and expense items appearing on 
an organisation’s profit and loss statement will 
have to be restated by multiplying them by the 
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ratio of the general price index at the end of the re- 
porting period to the general price index at the 
time when the revenue was received or expense in- 
curred. Likewise, the fixed assets appearing on an 
organisation’s balance sheet will have to be restat- 
ed by multiplying them by the ratio of the general 
price index at the balance sheet date to the general 
price index at the time when the fixed assets were 
acquired. However, IAS 29 also notes that organi- 
sations typically hold assets and liabilities denom- 
inated in the currency of the hyperinflationary 
economy (so called monetary assets and liabilities 
or monetary items) and these will rapidly decrease 
in purchasing power as the hyperinflation eats 
away at their nominal value. Given this, para. 9 of 
IAS 29 also mandates that the net gain or loss in 
purchasing power from holding these monetary as- 
sets and liabilities must be included in the organi- 
sation’s profit or loss and separately disclosed. 
Unfortunately, IAS 29 provides only limited 
guidance about how the gain or loss from holding 
these monetary items is to be estimated, suggest- 
ing instead that (para. 10) ‘consistent application 
of these . . . procedures and judgements’ employed 
in estimating the gain or loss in purchasing power 
‘is more important than the precise accuracy of the 
resulting amounts included in the restated finan- 
cial statements’. However, if shareholders and oth- 
ers are to make effective assessments about how 
well organisations have managed their monetary 
assets and liabilities and the purchasing power 
gains and losses that arise from them (both in ab- 
ACCOUNTING AND BUSINESS RESEARCH 
solute terms and in comparison with other organi- 
sations) then it is important that the gain or loss 
from holding monetary items reported on an or- 
ganisation’s profit and loss statement be as accu- 
rate as possible. 
This ‘consistency rather than accuracy’ principle 
that underscores the re-statement process sum- 
marked in IAS 29 no doubt informs the ‘illustra- 
tive’ examples appended to the statement by those 
countries which have sought to make their domes- 
tic accounting standards compatible with the stan- 
dards issued by the IASB. The estimation 
procedures demonstrated in these illustrative ex- 
amples are based on the premise that an organisa- 
tion’s monetary position’ changes on just a few 
(typically, one or two) occasions over an annual 
reporting period and that in between these changes 
its monetary position remains constant.2 However, 
there is a long line of empirical work beginning 
with Cagan (1956) which shows that organisations 
rapidly adjust their holdings of monetary items as 
the rate of inflation gains momentum.’ In the 
German hyperinflation referred to earlier, for ex- 
ample, Cagan (1956: 102) shows that real mone- 
tary holdings declined by over 90% in the period 
from July 1922 until October 1923 as a conse- 
quence of a monthly inflation rate which grew 
from 43% in July 1922 to over of 3,773% by 
October 1923 .“ In such hyperinflationary environ- 
ments, it is problematic whether an organisation’s 
monetary holdings over the reporting period can 
be captured by the one or two observations of that 
variable on which the IAS 29 estimation proce- 
dures are invariably based, This in turn means that 
the IAS 29 estimation procedures will form an un- 
reliable basis for assessing the efficiency (or other- 
wise) with which organisations manage the 
purchasing power gains and losses that arise on 
their monetary assets and liabilities. 
Given this, our purpose here is twofold. First, we 
use data from 32 hyperinflationary economies 
spanning an 80-year period to asses the relative ef- 
ficiency of the procedures summarised in IAS 29 
for estimating purchasing power gains and losses 
under a broad range of hyperinflationary environ- 
ments. Our empirical analysis shows that the esti- 
mation procedures summarised in IAS 29 perform 
poorly, but especially so when the rate of inflation 
accelerates towards the end of a relatively 
short hyperinflationary period. For these latter 
economies, our best estimate of the actual purchas- 
ing power loss is typically only a small fraction of 
the figure obtained under the IAS 29 procedures. 
For hyperinflations of longer duration, the IAS 29 
procedures return estimated purchasing power 
losses that are typically around 10% larger than 
our best estimate of the actual losses. 
Our second contribution lies in the development 
of more sophisticated approaches for estimating 
’ An organisation’s monetary position or equivalently its 
monetary items, is its monetary assets less its monetary liabil- 
ities. While an individual organisation’s monetary position can 
be positive or negative (depending on whether its monetary 
assets exceed its monetary liabilities) for the economy as a 
whole the aggregate monetary position must be negative since 
someone has to hold the currency issued by the government. 
See Lucas (2000:247) for further discussion of this point. 
A good example of this practice is to be found in the 
numerical example appended to International Public Sector 
Accounting Standard IPSAS 10: Finoncia/ Reporting in 
Hyperinflationary Economies which is available from the fol- 
lowing website: 
http://www.ifac .org/Members/Source_Files/Public_Sector/ 
IPSAS IO.PDF 
Other countries which have adopted IASB standards have 
also followed this practice. For example, until recently the 
Australian Accounting Standards Board appended the IPSAS 
10 numerical example to AASB 129: Financial Reporting in 
Hy/xrinflationary Economies which is the Australian equiva- 
lent of IAS 29. AASB 129, complete with the IPSAS 10 nu- 
merical example, may be viewed at the following website: 
http://www.comlaw.gov.au/ComLaw/Legislation/Legislative 
Instrument 1 .nsf/O/BF20E8CBE34CD250CA25700300244 
CCA/$file/AASB 129-07-04c.pdf. 
See Lucas (2000) for a summary of this literature. 
An organisation’s real monetary position is the book value 
of its monetary items divided by the price index used to calcu- 
late the gain or loss in purchasing power arising on its mone- 
tary items. It is, in other words, equivalent to the ‘purchasing 
power’ of the firm’s monetary items. 
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the purchasing power gains and losses that arise on 
monetary holdings. These more sophisticated pro- 
cedures invoke the assumption that organisations 
rapidly adjust their monetary holdings as the rate 
of inflation gains momentum in contrast to the es- 
timation procedures summarised in IAS 29, which 
make the unlikely assumption that organisations 
adjust their monetary holdings on just one or two 
occasions over a given hyperinflationary period. 
Moreover, our empirical analysis shows that the es- 
timated purchasing power losses under these more 
sophisticated techniques are typically within 2.5% 
of our best estimate of the actual purchasing power 
losses. This result has the important implication that 
it is possible to obtain reliable estimates of purchas- 
ing power losses using only the sparse information 
set on which the IAS 29 estimation procedures are 
typically based provided realistic assumptions are 
made about the way organisations adjust their mon- 
etary holdings in response to variations in the pur- 
chasing power of the currency on issue. 
We commence our analysis in the next section 
by summarising the numerical procedures we use 
for determining our ‘best estimates’ of the actual 
purchasing power losses that arise on the hyperin- 
flationary economies employed in our empirical 
analysis. We then illustrate the practical applica- 
tion of these procedures by determining our best 
estimates of the actual losses in purchasing power 
on the currency on issue for the US and the UK for 
each year over the period from 1990 until 2005. 
Our calculations show that the procedures en- 
dorsed by IAS 29 return systematically biased es- 
timates of the purchasing power losses on the 
currencies of both countries when compared to our 
best estimates of the actual purchasing power loss- 
es. Fortunately, the estimation errors are not partic- 
ularly large - typically, 3 4 %  of our best estimate 
of the actual figure. However, the systematic na- 
ture of the errors suggests that were the IAS 29 
procedures to be applied to the data of hyperinfla- 
tionary economies then errors of a considerably 
larger magnitude would be incurred. Section 3 ex- 
plores this latter issue in further detail by compar- 
ing the estimated purchasing power losses for our 
32 hyperinflationary economies under the IAS 29 
procedures with our best estimate of the actual 
purchasing power losses. In Section 4 we derive 
and then empirically evaluate a general class of 
‘two-point’ estimation formulae that make more 
efficient use of the sparse information set on which 
the IAS 29 estimation procedures are typically 
based. As previously noted, while this two-point 
estimation procedure is based on the same infor- 
99 
mation set as the IAS 29 estimation procedures, 
our empirical analysis shows that the two-point 
procedure provides much more reliable estimates 
of the purchasing power losses arising on the hy- 
perinflationary economies examined in our empir- 
ical work. Our analysis concludes in Section 5 by 
summarising our main results and briefly examin- 
ing their implications for the quality of earnings 
reported by firms that have to operate under hyper- 
inflationary conditions. 
See Willett ( 1987, 1989) and Ijiri ( 1976) for an account of 
how a firm’s double-entry bookkeeping system may be repre- 
sented in terms of the net inflow/outflow of its monetary 
items. 
2. Estimation procedures 
Cagan (1 956: 78) notes that inflationary seignior- 
age policies reduce the purchasing power of the 
currency and thereby impose a tax on all who have 
money or have money owed to them. One can il- 
lustrate this point by dividing a typical reporting 
year into n subintervals of equal length and sup- 
posing that an organisation’s net monetary position 
(monetary assets less monetary liabilities) at the 
beginning of the jth of these subintervals amounts 
to m(G) pounds. Then if P (.) is an index of prices, 
the loss (or gain) in purchasing power over this jth 
subinterval will be approximately 
Furthermore, one can re-state this loss (or gain) in 
purchasing power in terms of the price level which 
prevails at the end of the reporting year, in which 
case it follows that 
is the approximate loss in purchasing power over 
the jth sub-interval in end of reporting year prices. 
Summing these calculations over all n subintervals 
and letting n + W  shows that the loss in purchas- 
ing power will be identically equal to 
0 0 
Of course the difficulty here is that over any given 
year the index of prices, P(t), and the real holding 
of monetary items, z, are observed at a small 
number of points only. In between these points, 
one has to infer somehow what the monetary posi- 
tion and the index of prices might have been. 
Probably the most useful and best documented 
way of addressing numerical integration problems 
like this is to approximate the real monetary posi- 
tion, E, and the logarithm of the index of prices, 
P(t), by interpolating polynomials based on the 
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Table 1 
Formulae for estimating purchasing power gains and losses on monetary items 
First-degree interpolation formula 
Second-degree interpolation formula 
Fourth-degree interpolation formula 
2 7 7 m ( Y )  6 4 0 m ( y )  1 3 0 8 m ( Y )  1472m( 4i-] 12 ) 527in(2) P(4i-]) 
1 4 j - 4 -  
12 
p( 12 ) 12 12 
This table summarises four formulae for estimating the purchasing power gains and losses that arise over 
an annual period on an organisation’s monetary holdings. The formula in the first panel approximates the ratio 
of the organisation’s monetary holdings to the price index, g, and the logarithm of the price index, log[P(t)], 
by linear (or first-degree) interpolating polynomials. The formula in the second panel approximates and 
log[P(t)] by quadratic (or second-degree) interpolating polynomials. The third panel is based on cubic 
(third degree) polynomial approximations while the fourth panel employs quartic (fourth-degree) polynomial 
approximations. 
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small number of points at which the exact values 
of these functions are known. The case for this par- 
ticular approximating procedure is strong 
(Carnahan et al., 1969:2-3). For a start, the theory 
of polynomial approximations is well developed 
and fairly simple. Furthermore, most of the other 
functions that one might consider as potential can- 
didates for approximation purposes (trigonomet- 
ric, logarithmic, exponential functions, etc.) must 
themselves be evaluated using these polynomial 
approximation techniques. Finally, there are strong 
analytical reasons for believing that interpolating 
polynomials will provide ‘good’ approximations 
to the real monetary holdings and price index func- 
tions. Here, ‘good’ implies that the differences be- 
tween the approximating polynomial and the 
function being approximated can be reduced to an 
arbitrarily small figure. The important result here 
is the Weierstrass Approximation Theorem, which 
under a minimal set of regularity conditions and in 
the present context, says that the real monetary 
holdings and price index functions can be approx- 
imated to any desired degree of accuracy by a par- 
ticular interpolating polynomial (Carnahan et al., 
1969:3). Moreover, this result is normally imple- 
mented by employing low order interpolating 
polynomial approximation formulae (Carnahan et 
al., 1969:77). Given this, in Table 1 we summarise 
some low order approximating formulae for the 
purchasing power gain or loss based on the as- 
sumption that both the price index and real mone- 
tary holdings are observed on a monthly basis 
throughout the reporting year. 
The formula in the first panel of this table 
approximates % and log[P(t)] by linear (or first 
101 
MI is the monetary aggregate which is normally em- 
ployed in empirical work of the kind undertaken here. See. for 
example, Lucas (2000:248-252). 
Simple algebraic manipulation shows that this formula 
may be re-stated as 
This shows that the loss in purchasing power is comprised 
of the rate of inflation over the entire year multiplied by the 
currency on issue at the beginning of the year plus the rate of 
inflation over the period from time c until the end of the year 
multiplied by the change in the currency on issue during the 
year. Moreover, one can take the derivative through this ex- 
pression with respect to P(c) and thereby show: 
Now, in hyperinflationary economies the currency on issue 
at the end of any period [m( I )] invariably exceeds the curren- 
cy on issue at the beginning of the period [m(O)] by a consid- 
erable margin in which case the above derivative is negative. 
Minimal regularity conditions will then imply that the loss (or 
gain) in purchasing power on an organisation’s monetary 
items will decline as c + I .  
degree) interpolating polynomials. The formula in 
the second panel approximates % and log[P(t)] by 
quadratic (or second degree) interpolating polyno- 
mials. The third panel is based on cubic (third de- 
gree) polynomial approximations whilst the fourth 
panel employs quartic (fourth degree) polynomial 
approximations. The Appendix provides further 
details about how these polynomial approximating 
formulae are determined. 
One can demonstrate the application of these 
formulae by using them to estimate the loss in pur- 
chasing power for the currency on issue in the US 
and the UK. For the US the monetary aggregate 
M 1 (currency, traveller’s checks, demand deposits 
and other checkable deposits) is taken to be the 
currency on issue whilst the inflation rate over any 
given period is determined from the Consumer 
Price Index (CPI)? The M 1 data were downloaded 
from the Federal Reserve Statistical Release web- 
site, http://www.federalreserve.gov/releases/h6/ 
hist/h6hist 1 .pdf, while CPI data were downloaded 
from the Economagic website, http://www.econo- 
m a g i c  . c o m / e m - c g i / d a t a . e x e / b l s c u /  
CUUROOOOAAO. The results from applying the 
approximating formulae to these data are sum- 
marised in Table 2. The first column in this Table 
gives the year of the estimate while the next four 
columns contain the estimate of the loss in purchas- 
ing power on the currency using first, second, third 
and fourth-degree interpolating polynomial approx- 
imation. Thus, for the year ending 31 December 
2005 the first, third and fourth-degree interpolation 
formulae estimate the purchasing power loss on the 
currency at $46.21 bn while the third-degree for- 
mula returns a marginally higher estimate of 
$46.23 bn. The final column of Table 2 contains the 
estimated loss in purchasing power computed by 
applying the procedures summarised in IAS 29. 
This procedure is based on para. 27 of IAS 29 and 
applies the appropriate rate of inflation to the cur- 
rency on issue at the beginning and end of each 
year in accordance with the following formula: 
I 
0 
0 c 
where c is some generally unknown number that 
lies between zero and one? This result is otherwise 
known as the (Weighted) Mean-Value Theorem for 
integrals (Apostol,l967: 219-220) and will always 
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Table 2 
Estimated loss in purchasing power on the monetary aggregate M1 for the US economy 
(bn of 31 December 2005 dollars) 
Year 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
200 1 
2002 
2003 
2004 
2005 
Degree of interpolation 
First Second Third Fourth IAS 29 
$bn $bn $bn $bn $bn 
36.73 
38.85 
39.06 
39.75 
37.66 
45.35 
22.54 
20.82 
33.57 
42.06 
18.68 
3 I .03 
24.79 
44.56 
46.21 
36.76 
38.87 
39.05 
39.76 
37.68 
45.32 
22.54 
20.8 1 
34.66 
42.07 
18.70 
30.99 
24.82 
44.58 
46.23 
36.73 
38.86 
39.05 
39.77 
37.66 
45.33 
22.54 
20.81 
33.89 
42.12 
18.71 
3 1.02 
24.8 1 
44.5 8 
46.21 
36.76 
38.90 
39.06 
39.80 
37.67 
45.33 
22.55 
20.82 
33.97 
42.17 
18.71 
3 1 .OO 
24.84 
44.64 
46.21 
37.75 
39.77 
39.97 
40.57 
38.40 
46.25 
23.20 
21.42 
35.35 
43.42 
18.42 
3 1.76 
25.30 
45.14 
47.39 
This table summarises annual estimates of the loss in purchasing power on the US currency using the polyno- 
mial formulae details of which are to be found in Table I .  The column headed ‘first’ estimates the purchasing 
power loss using the first-degree (linear) interpolation formula; the column headed ‘second’ estimates the pur- 
chasing power loss using the second-degree (quadratic) interpolation formula; the column headed ‘third’ esti- 
mates the purchasing power loss using the cubic interpolation formula; the column headed ‘fourth’ estimates 
the purchasing power loss using quartic interpolation. The column headed ‘IAS 29’ estimates the purchasing 
power loss using the procedures endorsed by IAS 29: Financial Reporting in Hyperinflationary Economies. 
Data for the monetary aggregate, M I ,  were downloaded from the Federal Reserve Statistical Release website, 
http://www.federalreserve.gov/releases/h6/hist/h6hist1 .pdf, while Consumer Price Index data were down- 
loaded from the Economagic website, http://www.economagic.com/em-cgi/data.exe/blscu/CUUROOOOAAO. 
give the exact figure for the loss (or gain) in pur- 
chasing power on an organisation’s monetary 
holdings provided one is able to specify the “cor- 
rect” value of the parameter c. Unfortunately, there 
is no obvious way of either knowing or determin- 
See the ‘illustrative example’ appended to IPSAS 10: 
Finuncial Reporting in Hjperinjotionary Economies and AASB 
129: Finunciul Reporting in Hvperinjlationury Econornies re- 
ferred to earlier. Earlier examples of this convention are provid- 
ed by para. 232 of the now withdrawn US Financial Accounting 
Standards Board Statement #33:  Financial Reporting of 
Changing Prices and the illustrative example provided in the 
Guidance Notes which accompany the (also withdrawn) U.K. 
Accounting Standards Committee’s SSAP # 16: Ciirrerit Cost 
Accoimting. However, it is not hard to contemplate situations in 
which this convention will lead to extremely poor estimates of 
purchasing power gains and losses. If an organisation operates 
under seasonal conditions - an ice-cream vendor, for example - 
then its monetary position at the height of the season (m(+))may 
bear little resemblance to its monetary position at the beginning 
(m(O)) and end of the season (m(l)). If, for example, the ice- 
cream vendor carries no monetary items out of season so that 
m(O)=m( I )=0 then the above formula estimates the purchasing 
power gain on his monetary items at nothing. However, since at 
the height of summer the ice-cream vendor has borrowed heav- 
ily to finance his trading activities, the purchasing power gain 
on his debt will be significant. 
ing c in any specific inflationary environment and 
given this, a convention has arisen which lets c =+8 
Note that under this convention Table 2 shows that 
the IAS 29 procedures return an estimated pur- 
chasing power loss for the year ending 31 
December 2005, which is over $Ibn higher than 
the estimated purchasing power losses under the 
polynomial formulae. Against this, the four poly- 
nomial approximation methods return almost iden- 
tical estimates of the loss in purchasing power in 
any given year. Moreover, the IAS 29 procedures 
return estimates of the loss in purchasing power 
which, in all but one year (2001) are larger than 
those obtained from the four polynomial interpola- 
tion methods. 
Table 3 summarises similar information relating 
to the loss in purchasing power on the U.K. curren- 
cy. Again, the monetary aggregate M1 is taken to 
be the currency on issue and data for this variable 
were downloaded from the Bank of England web- 
site. Data for the UK Consumer Price index were 
downloaded from the UK National Statistics 
Office website. The results from applying the ap- 
proximating formulae to the UK data are sum- 
marised in Table 3 .  The format of this table is the 
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Table 3 
Estimated loss in purchasing power on the monetary aggregate M1 for the UK economy 
(Ebn of 31 December 2005 dollars) 
Year 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
200 1 
2002 
2003 
2004 
2005 
Degree of interpolation 
First Second Third Fourth IAS 29 
$bn $bn $bn $bn $bn 
16.68 
5.94 
5.98 
5.40 
8.13 
6.82 
5.85 
5.95 
4.98 
3.70 
5.58 
9.23 
7.43 
10.91 
13.74 
16.58 
5.92 
5.96 
5.36 
8.07 
6.78 
5.86 
5.90 
4.98 
3.70 
5.51 
9.20 
7.39 
10.90 
13.67 
16.68 
5.95 
5.98 
5.39 
8.10 
6.83 
5.90 
5.99 
5 .00 
3.74 
5.61 
9.24 
7.45 
10.95 
13.75 
16.64 
5.94 
5.96 
5.37 
8.07 
6.82 
5.88 
5.98 
4.99 
3.73 
5.60 
9.23 
7.43 
10.92 
13.72 
16.64 
5.85 
5.87 
5.22 
7.78 
6.67 
5.59 
5.76 
4.77 
3.45 
5.03 
9.25 
7.55 
10.72 
13.69 
This table summarises annual estimates of the loss in purchasing power on the UK currency using the polyno- 
mial formulae, details of which are to be found in Table 1. The column headed ‘first’ estimates the purchasing 
power loss using the first-degree (linear) interpolation formula; the column headed ‘second’ estimates the pur- 
chasing power loss using the second-degree (quadratic) interpolation formula; the column headed ‘third’ esti- 
mates the purchasing power loss using the cubic interpolation formula; the column headed ‘fourth’ estimates 
the purchasing power loss using quartic interpolation. The column headed ‘IAS 29’ estimates the purchasing 
power loss using the procedures endorsed by IAS 29: Financial Reporting in Hyperinflationary Economies. 
Data for the monetary aggregate, M1, were downloaded from the Bank of England website while Consumer 
Price Index data were downloaded from the UK National Statistics Office website. 
same as that for Table 2. Note how this table again 
shows that the four polynomial interpolation meth- 
ods return almost identical estimates of the loss in 
purchasing power on the currency. However, when 
the IAS 29 procedures are applied to the UK data 
they return a lower estimate of the loss in purchas- 
ing power on the currency than is the case with the 
polynomial approximation methods in all but two 
years (2002 and 2003). This is in direct contrast to 
the US results, where the IAS 29 procedures con- 
sistently return higher estimates of the loss in pur- 
chasing power on the currency. 
One might argue that the systematic differences 
observed in these two tables are of little conse- 
quence since the deviations between the annual es- 
timates obtained under the IAS 29 procedures and 
the polynomial approximation techniques are rela- 
tively small. For the US data, estimates obtained 
using the polynomial approximation formulae 
vary by no more than 4% from estimates obtained 
under the IAS 29 procedures. For the UK data, 
there are two years (2000 and 2001) where differ- 
ences in the estimates are in excess of 8%. In other 
years, however, the differences are generally much 
less than 5%.  Here, one must remember however 
that these differences have arisen in what can only 
be described as modest inflationary environments. 
The average annual rate of inflation over the 15- 
year period ending 31 December 2005 was 2.6% 
for the US and a mere 2.1% for the UK. However, 
in the hyperinflationary environments envisaged 
by IAS 29 the cumulative rate of inflation over the 
previous three years will typically be of the order 
of 100% or more. It is questionable whether results 
obtained for the relatively low inflationary envi- 
ronments experienced in the US and UK can be 
replicated in the hyperinflationary environments 
envisaged by IAS 29. Given this, in the next sec- 
tion we use the data pertaining to 32 hyperinfla- 
tionary economies and which between them 
encompass a wide variety of hyperinflationary en- 
vironments covering a period of over eighty years, 
to make assessments about the relative efficiency 
of the procedures summarised in IAS 29 for esti- 
mating purchasing power gains and losses during 
hyperinflationary periods. 
3. Data and empirical analysis 
Our empirical analysis is based on the seven hy- 
perinflations analysed by Cagan (1956) as well as 
a further 25 hyperinflationary economies for 
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Table 4 
Summary statistics for hyperinflationary economies examined by Cagan (1956) 
Purchasing 
power loss Average rate 
on the currency of inflation 
Country for  year ended: (per month) First Second Third Fourth 
Austria 
Germany 
Greece 
Hungary (1) 
Hungary (2) 
Poland 
Russia (1) 
Russia (2) 
August, 1922 0 S O  
November, 1923 38.04 
October, 1944 10.16 
February, 1924 0.40 
January, 1924 0.77 
February, 1924 0.78 
February, 1923 0.28 
July, 1946 3.49x 1 0 ’ 3  
0.7499 
0.0000 
0.0003 
1.1028 
0 .oooo 
0.0766 
0.201 1 
0.5854 
0.7427 
0 .oooo 
0.0003 
1.0933 
0 .oooo 
0.0745 
0.2028 
0.5819 
0.7497 
0 .oooo 
0.0003 
1.089 1 
0 .oooo 
0.0764 
0.1998 
0.5829 
0.7412 
0 .oooo 
0.0003 
1.0906 
0 .oooo 
0.0742 
0.2030 
0.5834 
The first and second columns in this table give the country and period over which the hyperinflation occurred. 
The third column summarises the average monthly rate of inflation over the duration of the given hyperinfla- 
tion. Thus, the average rate of inflation for the Austrian economy in the year to August 1922 amounts to 50% 
(per month). Likewise, the average rate of inflation for the Polish economy in the year to January 1924 amounts 
to 77% (per month). The column headed ‘first’ gives the ratio of the estimated purchasing power loss based on 
the linear interpolation formula summarised in Table 1 to the estimate obtained using the IAS 29 procedures; 
the column headed ‘second’ gives the ratio of the estimated purchasing power loss based on the quadratic in- 
terpolation formula summarised in Table 1 to the estimate obtained using the IAS 29 procedures; the column 
headed ‘third’ gives the ratio of the estimated purchasing power loss based on cubic interpolation to the esti- 
mate obtained using the IAS 29 procedures; the column headed ‘fourth’ gives the ratio of the estimated pur- 
chasing power loss based on quartic interpolation to the estimate obtained using the IAS 29 procedures. The 
data on which this table is based are taken from Cagan (1956). 
which data are available from the International 
Monetary Fund’s website. Summary details of the 
hyperinflationary economies analysed by Cagan 
(1956) are contained in Table 4. Cagan (1 956:26) 
shows that the first of these hyperinflations - 
namely, the Austrian hyperinflation - lasted for 
about a year and petered out towards the end of 
August 1922. The average rate of inflation over the 
year ending on this date was 50% (per month). The 
final four columns give the ratio of the estimated 
loss in purchasing power on the Austrian currency 
for the year ending August 1922 from applying the 
polynomial approximating formulae, to the esti- 
mated loss in purchasing power from applying the 
IAS 29 procedures. These ratios are all in the 
vicinity of 0.75, which implies that the estimates 
of the purchasing power loss using the polynomial 
approximating formulae are approximately 25% 
lower than the estimates obtained from using the 
IAS 29 procedures. Against this, Table 4 shows 
that the estimates of the loss in purchasing power 
on the Hungarian currency for the year ending 
February 1924 using the polynomial approximat- 
ing formulae are about 9% larger than the estimat- 
ed loss in purchasing power obtained from the IAS 
29 procedures. With the exception of Russia, the 
The other six hyperinflations summarised in Table 4 all 
lasted for around a year or less. 
other statistics summarised in Table 4 are to be in- 
terpreted in the same way as those for the Austrian 
and Hungarian hyperinflations. The Russian hy- 
perinflation began in December 192 1 and conclud- 
ed approximately 26 months later in February 
1924.9 Given this, one can estimate the loss in pur- 
chasing power from holding the Russian currency 
for two annual periods. The first of these is for the 
year ending February 1923 for which the estimat- 
ed losses in purchasing power under the polynomi- 
al approximating formulae are about 40% lower 
than the estimated purchasing power losses com- 
puted under the IAS 29 procedures. For the second 
of these periods - the year ending February 1924 - 
the estimated losses in purchasing power under the 
polynomial approximating formulae are about 
80% lower than the estimated losses obtained from 
the IAS 29 procedures. 
Overall, Table 4 shows that the IAS 29 proce- 
dures tend to return significantly larger estimates 
of the loss in purchasing power when compared 
with the polynomial approximating formulae. In 
six of the seven hyperinflations examined by 
Cagan (1956), Table 4 shows that the estimated 
loss in purchasing power on the currency is signif- 
icantly lower under the polynomial approximating 
formulae than is the case with IAS 29 procedures. 
Indeed, for the German hyperinflation the polyno- 
mial estimate of the purchasing power loss on the 
currency is on average barely 0.000016% of the 
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estimate obtained from the IAS 29 procedures 
whilst for the Hungarian hyperinflation which 
concluded in July 1946, the polynomial estimate is 
on average just 4.33xlO-*O% of the estimate ob- 
tained from the IAS 29 procedures. The root cause 
of these gigantic differences appears to lie in the 
fact that with the exception of the Greek hyperin- 
flation, the inflation rate for each country acceler- 
ates towards the end of the hyperinflationary 
period and the real currency on issue declines in- 
stantaneously and dramatically in response to it. In 
other words, organisations adjust their monetary 
holdings in response to changes in the inflation 
rate much more frequently than the once or twice 
a year scenario envisaged by the IAS 29 proce- 
dures. One can see this more clearly from Table 5 ,  
which summarises an index of the real currency on 
issue during each month as well as the monthly 
rate of inflation and the price index for the 
Hungarian hyperinflation, which endured over the 
year to July, 1946 (Cagan, 1956: 110-111). Note 
how this table shows that by October 1945, the 
real value of the currency on issue was just a 
fourth of what it had been in July 1945 and that by 
January 1946, it was an eighth of what it had been 
just six months' earlier. In other words, when the 
105 
inflation rate is rapidly increasing organisations 
adjust their monetary holdings much more fre- 
quently than the one or two occasions envisaged 
by the IAS 29 procedures and so, they will more 
than likely return unreliable estimates of purchas- 
ing power losses as a consequence. The polynomi- 
al interpolating techniques, however, are based on 
the assumption that the real value of the currency 
on issue changes instantaneously in response to 
variations in the rate of inflation and therefore, 
they are unlikely to suffer from this problem. 
Given this, one should not be too surprised to see 
the large differences in the estimated purchasing 
power losses that are summarised in Table 4.1° 
Table 6 provides summary information relating 
to the 25 more recent hyperinflationary economies 
for which data are available from the International 
Monetary Fund's (IMF) website, http://www.imfs- 
tatistics.org/imf/. As with our estimates of the pur- 
chasing power losses for the UK and US, we take 
M1 to be the currency on issue (Lucas, 2000: 
248-252) while the inflation rate over any given 
period is determined from the Consumer Price 
Index (CPI) for the particular country. The first 
two columns in Table 6 give the country and the 
period over which the hyperinflation was deemed 
lo Using the polynomial formulae summarised in Table 1 
shows that our best estimate of the loss in purchasing power on 
the Hungarian currency for the year to July 1946 amounts to 
]g.dlog[P(f)l = 185.45 
0 
where the loss in purchasing power is stated in units of July 
1946 purchasing power. Now, the weighted mean value theo- 
rem given earlier shows that the purchasing power loss has the 
following representation over this period: 
where c is some generally unknown parameter that lies be- 
tween zero and unity. This means that if one follows the usual 
convention of letting c = 4 one obtains the following estimate 
of the purchasing power loss for the Hungarian hyperinflation 
under the IAS 29 procedures: 
68849 i + l , ~ 8 x 7 ~ ~ ~ ~ u 2 7 . ~ ~ n 4 ~  
2481x  68x49 688 49 
o r 2 4 . 7 7 + 4 . 2 9 ~ 1 0 ~ ~ = 4 . 2 9 ~ 1 0 ~ ~  in units of July 1946 purchas- 
ing power. From this it follows that the ratio of our best esti- 
mate of the purchasing power loss to the estimate of the 
purchasing power loss under the IAS 29 procedures is 
as stated in the text. Here, however, Table 5 shows that the av- 
erage monthly rate of inflation for the six months ending in 
July, 1946 is 6.98x1Ol3, a figure that far exceeds the rates of in- 
flation for the months of February, March, April, May and 
June, 1946. This shows that the distribution of the monthly 
rates of inflation is highly skewed and so a simple average of 
these rates of inflation provides a poor summary measure of 
the inflation rate over this period. Likewise, the inflation rate 
used to estimate purchasing power losses under IAS 29 over 
the six months ending in July, 1946 - namely. 
- will also be a poor reflection of the rate of inflation over this 
period and will lead to the enormous errors documented for the 
Hungarian hyperinflation summarised in Table 4. We have pre- 
viously shown, however, that one can address this problem by 
letting the unknown parameter c + 1 .  Given this one can base 
the estimate of the loss in purchasing power in the Hungarian 
currency on the price index at the beginning of August 1945 
(time zero), the price index at the end of June, 1946 (thereby 
setting c = fi) and the price index at the end of July 1946 (time 
one). Using the data summarised in Table 5 we then have the 
following estimate of the purchasing power loss for the 
Hungarian hyperinflation: 
o r 2 4 3 1  + 3 . 2 5 ~ 1 0 ~ ~ = 3 . 2 5 ~ 1 0 ' ~  in unitsofJuly, 1946purchas- 
ing power. While this estimate is about half the figure obtained 
under the IAS 29 procedures (where, it will be recalled c =+), 
it is still substantially larger than our best estimate of the 
purchasing power loss (185.45) given earlier. This reflects the 
fact that the rate of inflation for July 1946 is gigantic when 
compared to the rates of inflation for the other months in the 
year ending in July 1946. This in turn means that the parame- 
ter c will have to be very close to but not quite equal to unity 
if the weighted mean value formula is to give a reliable esti- 
mate of the purchasing power loss for the Hungarian hyperin- 
flation. 
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Table 5 
Monthly inflation rates and index of real currency on issue for Hungarian hyperinflation ending in 
July 1946 
Month 
July, 1945 
August 
September 
October 
November 
December 
January, 1946 
February 
March 
April 
June 
July 
May 
Rate of inflation Price index Real currency 
(per month) [P(t)I #I 
0.37 
0.63 
1.22 
5.41 
4.35 
2.19 
0.74 
5.03 
3.29 
18.15 
314.65 
84,4 10.19 
4 . 1 9 ~  1014 
1 .oo 
1.63 
3.61 
23.14 
123.79 
395.18 
688.49 
4,152.4 1 
17,807.38 
340,957.30 
1 . 0 8 ~  10' 
9.08 x 10I2 
3.81 1027 
24.8 1 
21.94 
16.37 
6.17 
3.82 
2.58 
3.20 
1.88 
3.17 
2.83 
2.01 
3.15 
0.08 
The first column in the table gives the month and year of the Hungarian hyperinflation, which concluded in 
July 1946. The second column gives the rate of inflation during the given month. Thus, the rate of inflation for 
the month of July, 1945 was 37% and the rate of inflation for the month of April 1946 was 13415%. The third 
column summarises the price index constructed from the inflation rates given in the second column. Thus, the 
price index for the end of August 1945 is one plus the inflation rate during August 1945 or 1.63. The price index 
for September 1945 is one plus the inflation rate for September, 1945 multiplied by the price index for August, 
1945 or 2.22 x 1.63 = 3.61. Likewise, the price index for October 1945 is one plus the inflation rate for October 
1945 multiplied by the price index for September 1945 or 6.41 x 3.61 = 23.14. Finally, the last column is an 
index of the real currency on issue during the given month. 
to have occurred. In conformity with para. 3 of 
IAS 29, a hyperinflationary period was deemed to 
commence at the beginning of any three-year peri- 
od for which the accumulated rate of inflation ex- 
ceeded 100%. The hyperinflationary period was 
deemed to have concluded at the end of any three- 
year period for which the accumulated rate of in- 
flation had fallen below 100%. Thus, under these 
criteria the Argentinean hyperinflation was deemed 
to have commenced at the beginning of 1971 and 
continued for 23 years before petering out at the 
end of 1993. The next four columns give the aver- 
age annual rate of inflation, the standard deviation 
of the annual rate of inflation and the minimum 
and maximum annual rates of inflation over this 
23-year hyperinflationary period. This shows that 
the average rate of inflation during the Argentinean 
hyperinflation was 447.68% (per annum); that the 
standard deviation of the annual rate of inflation 
rate was 996.22%; that the maximum rate of infla- 
tion during this period was 4,923.32% (per annum) 
whilst the minimum rate of inflation was 7.36% 
(per annum). The other statistics summarised in 
Table 6 are to be interpreted in the same way as 
those for the Argentinean hyperinflation. Here we 
also need to emphasise that the data for some 
countries are incomplete (e.g. Democratic 
Republic of Congo, Russia and Zimbabwe among 
others) and that this placed limits on the extent to 
which the relevant hyperinflations could be 
analysed. 
Table 7 summarises the relative loss in purchas- 
ing power on the currency on issue for each of the 
25 hyperinflationary economies for which data are 
available from the IMF website under the four 
polynomial approximating techniques as com- 
pared to those obtained from the simple IAS 29 es- 
timation procedures. The first two columns in this 
table identify the country and duration of the hy- 
perinflation. The third column summarises the 
number of years over which our analysis is based. 
Hence, for Argentina our analysis covers the 23- 
year period from 1971 to 1993. The next two 
columns give the median of the ratio of the loss in 
purchasing power from using the polynomial ap- 
proximating techniques to the loss in purchasing 
power as calculated from the IAS 29 procedures. 
Thus, for the Argentinean hyperinflation the 23 ra- 
tios are ordered from smallest to largest for each of 
the four polynomial approximating techniques. 
The twelfth ordered ratio is the median and it is 
this statistic which is reported in Table 7 for each 
polynomial technique. Thus, these results show 
that for the Argentinean hyperinflation the median 
estimate of the purchasing power loss for the poly- 
nomial approximating techniques is about 10% 
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Table 6 
Summary statistics for hyperinflationary economies with data available on the International Monetary 
Fund (IMF) website: http://www.imfstatistics.org/imf/ 
Country 
Angola 
Argentina 
Belarus 
Bolivia 
Brazil 
Chile 
Congo, De R. 
Dominican Re 
Ecuador 
Estonia 
Israel 
Jamaica 
Madagascar 
Mexico 
Nicaragua 
Peru 
Poland 
Romania 
Russia 
Suriname 
Turkey 
Ukraine 
Uruguay 
Venezuela 
Zimbabwe 
Period of 
hyperinflation 
1996-2005 
1995-2003 
197 1-1993 
1979-1988 
1980-1 996 
1968-1976 
1976-1 995 
1989-1 99 1 
1984-2002 
1993-1 995 
1974-1987 
199 1- I994 
1994-1 996 
1986-1 990 
1988-1993 
1976- 1994 
1990-1995 
1994-2002 
1992-2002 
1977-2003 
1993- I 997 
1976-1 996 
1987-1998 
1998-200 1 
1998-2000 
Average rate 
of inflation 
(per annunz) 
2.7065 
4.4768 
1 .I034 
11.1654 
6.4424 
1.9008 
11.5316 
0.408 1 
0.4054 
0.3537 
1 .lo32 
0.4433 
0.3560 
0.7324 
66.8353 
7.0490 
0.6995 
4.1650 
0.4704 
1.0634 
0.5912 
21 S756 
0.5866 
0.5002 
0.677 1 
Standard 
deviation 
of rate of 
inflation 
4.6465 
9.9622 
0.8637 
24.3383 
7.3473 
1.8264 
24.2986 
0.2973 
0.2143 
0.0643 
1.1300 
0.2129 
0.2164 
0.5225 
90.8414 
17.7508 
0.7076 
0.3723 
0.2724 
I .6377 
0.2346 
40.0113 
0.2486 
0.224 1 
0.259 1 
Maximum 
rate of 
inflation 
16.501 1 
49.23 32 
2.5120 
8 1.7052 
24.7714 
5.5862 
97.9689 
0.7992 
0.9100 
0.4165 
4.4488 
0.8019 
0.6122 
1.5916 
240.3105 
76.4975 
2.2587 
1.5142 
0.8438 
5.8648 
1.2025 
10 1.5503 
1.2895 
1.0324 
1.1207 
Minimum 
rate of 
inflation 
0.1853 
0.0736 
0.2540 
0.1066 
0.0956 
0.1940 
0.1433 
0.0790 
0.0936 
0.2653 
0.1610 
0.2679 
0.0828 
0.1970 
0.0352 
0.1538 
0.2195 
0.1784 
0.2018 
0.0122 
0.1613 
0.1012 
0.2053 
0.299 1 
0.4663 
The first and second columns in the table give the country and period over which the hyperinflation occurred. 
The third and fourth columns summarise the average annual rate of inflation and the standard deviation of the 
annual rate of inflation over the duration of the given hyperinflation. Thus, the average annual rate of inflation 
for the Mexican economy was 73.24% with a standard deviation of 52.25%. The fifth and sixth columns give 
the maximum and minimum annual rates of inflation over the period of the hyperinflation. 
lower than the purchasing power loss computed 
under the IAS 29 procedures. Furthermore, one 
can average the four polynomial estimates of the 
purchasing power loss and then divide this average 
by the estimate of the purchasing power loss ob- 
tained from the IAS 29 procedures. The final two 
columns give the number of these (average) ratios 
that are less than one and the number that exceed 
unity. Hence, for the 23 years on which our analy- 
sis of the Argentinean hyperinflation is based, 
there are 20 years in which this (average) ratio is 
less than one and only three years in which the (av- 
erage) ratio exceeds one. The other statistics sum- 
marked in Table 7 are to be interpreted in the same 
way as those for the Argentinean hyperinflation. 
Probably the most striking characteristic dis- 
played by Table 7 is that for all but one country 
(namely, Belarus), the median ratios are less than 
unity. Indeed, of the 272 country-years on which 
Table 7 is based, there are 229 occasions on which 
the ratio of the estimated purchasing power loss 
from the polynomial approximating formulae to 
the estimated loss under the IAS 29 procedures is 
less than unity, and only 43 occasions where the 
ratio exceeds unity. Moreover, a simple sign test 
rejects the null hypothesis that the median ratio for 
the ‘population’ of hyperinflationary economies is 
equal to unity at any reasonable level of signifi- 
cance [Conover (1971:121-126)]. This, of course, 
is compatible with the hypothesis that the polyno- 
mial-based formulae will tend to return lower esti- 
mates of purchasing power losses than will be the 
case with the IAS 29 procedures. 
Here it is important to note, however, that for the 
more recent hyperinflationary economies extract- 
ed from the IMF website, the differences between 
the polynomial-based approximations of the pur- 
chasing power loss and those based on the IAS 29 
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Figure 1 
Index of real currency on issue and monthly rate of inflation for Argentinean economy from January 
1971 (month 1) until December 1993 (month 276) 
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MONTH OF HYPERINFLATION 
The data series that starts at just above 0.15 at month zero and then gradually declines is an index of the real 
currency on issue. The data series that begins at just above the origin at time zero and then gradually increas- 
es is the continuously compounded monthly rate of inflation divided by 5. The currency on issue series was 
extracted from line 34 of the International Monetary Fund's database, http://www.imfstatistics.org/imf/. The 
Consumer Price Index series was extracted from line 64 of the IMF's database. 
Figure 2 
Index of real currency on issue and monthly rate of inflation for Israeli economy from January 1974 
(month 1) until December 1987 (month 168) 
0.4 1 I 
13 25 37 49 61 73 85 97 I09121 133145157 
MONTH OF HYPERINFLATION 
-0.05 
The data series that starts at just above 0.35 at month zero and then gradually declines is an index of the real 
currency on issue. The data series that begins at just below 0.05 at time zero and then gradually increases is the 
continuously compounded monthly rate of inflation. The currency on issue series was extracted from line 34 
of the International Monetary Fund's database, http:Nwww.imfstatistics.org/imf/. The Consumer Price Index se- 
ries was extracted from line 64 of the IMF's database. 
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Figure 3 
Index of real currency on issue and monthly rate of inflation for Peruvian economy from January 1976 
(month until December 1994 (month 228) 
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MONTH OF HYPERINFLATION 
The data series that starts at just below 0.50 at month zero and then gradually declines is an index of the real 
currency on issue. The data series that begins just above the origin at time zero and then gradually increases is 
the continuously compounded monthly rate of inflation divided by two. The currency on issue series was ex- 
tracted from line 34 of the International Monetary Fund's database, http://www.imfstatistics.org/imf/. The 
Consumer Price Index series was extracted from line 64 of the IMF's database. 
Figure 4 
Ratio of the average of four polynomial estimates to the IAS 29 estimate of the annual purchasing 
power loss on the Argentinean currency from 1971 to 1993 
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This graph depicts the ratio of two data series. The first is based on the four estimates of the purchasing power 
loss on the Argentinean currency using the polynomial formulae summarised in Table I .  For each year, the four 
estimates obtained from these formulae are averaged to give the first data series. The second data series esti- 
mates the purchasing power loss using the IAS 29 procedures. The graph summarises the ratio of the average 
polynomial estimate to the IAS 29 estimate of the purchasing power loss for each year of the Argentinean hy- 
perinflation. 
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procedures are much smaller than is the case for 
the earlier hyper-inflations examined by Cagan 
(1956).” We have previously noted that the princi- 
pal reason for this is that the hyperinflations exam- 
ined by Cagan (1956) were characterised by 
rapidly increasing rates of inflation that reached a 
crescendo over a short period of time (typically 
one to two years or less) and then quickly petered 
out. Moreover, during this period of rapidly in- 
creasing inflation there is a precipitous decline in 
the real value of the currency on issue. The more 
recent IMF hyperinflations in contrast have tended 
to be of much longer duration (typically five to 20 
years) and the real value of the currency on issue 
has tended to decline much more slowly for the 
IMF hyperinflations than is the case with the 
Cagan ( 1956) hyperinflations. This is illustrated 
by Figures 1 , 2  and 3 ,  which graph the time series 
of an index of the real currency on issue and the 
monthly rate of inflation for the Argentinean, 
Israeli and Peruvian hyperinflations, respectively. 
These graphs, which are typical of the 25 hyperin- 
flations for which data are available from the IMF 
web site show that the rate of decline in the index 
of real currency on issue is quite modest when 
compared to the ‘equivalent’ data for the 
Hungarian hyperinflation of 1945 and 1946 exam- 
ined by Cagan (1956), details of which are sum- 
marised in Table 5 .  This means that for the IMF 
hyperinflations the beginning of the year and end 
of year figures for the real value currency on issue 
(and their associated inflation rates) are much 
more likely to be ‘representative’ of their values 
over the entire year than will be the will be the 
case for the Cagan (1956) hyperinflations. Hence, 
it is more likely that the IAS 29 procedures, which 
are based on just these two observations of the real 
value of the currency on issue (and their associat- 
ed inflation rates), will provide more reliable esti- 
mates of the purchasing power losses from 
inflation than is the case when it is applied to the 
‘short, sharp’ hyperinflations examined by Cagan 
(1956). Against this, it must be emphasised that 
even for the IMF hyperinflations summarised in 
Table 7 the IAS 29 procedures appear to return es- 
timated purchasing power losses that typically, are 
10% higher than those obtained from using the 
four polynomial approximation formulae sum- 
marised in Table 1 .  
However, even for the IMF hyperinflations there 
is a great deal of variation in the data. For the 
1 I 1  
~ 
” Except for the Hungarian hyperinflation, which petered 
out in February 1924, Table 4 shows that the median ratios for 
the polynomial approximations to the estimates obtained from 
the IAS 29 procedures are all less than 0.75. While Table 7 
shows that with one exception (Belarus) the equivalent ratios 
for the post-war hyperinflations are all less than unity, they are 
nonetheless much higher than the 0.75 recorded for the ‘high- 
est’ median ratio for the Cagan (1956) hyperinflations. 
Argentinean hyperinflation, the ratio of the aver- 
age of the four polynomial estimates of the pur- 
chasing power loss to the purchasing power loss 
obtained from the IAS 29 procedures varies from 
0.4469 in 1989 to 1.1744 in 1985. The complete 
time series of this ratio for the Argentinean hyper- 
inflation is displayed in Figure 4. Likewise, for the 
Israeli hyperinflation this ratio varies from 0.7954 
in 1984 to 1.0754 in 1986. Again, the complete 
time series of this ratio for the Israeli economy is 
displayed in Figure 5 .  Finally, for the Peruvian hy- 
perinflation, the ratio of the average of the four 
polynomial estimates of the purchasing power loss 
to the purchasing power loss obtained from the 
IAS 29 procedures varies from 0.2592 in 1990 to 
0.9962 in 1994. The complete time series of this 
ratio for the Peruvian economy is displayed in 
Figure 6. Hence, while the IAS 29 procedures re- 
turn median estimates of the purchasing power 
loss that is approximately 10% higher than those 
obtained from the polynomial approximating for- 
mulae, the variation in the difference between the 
estimates is generally large. In other words, while 
there might be little difference in the estimates ob- 
tained from the polynomial approximating formu- 
lae and the IAS 29 procedures in any given year, in 
a contiguous year the polynomial based estimates 
can be less than half the estimate obtained from the 
IAS 29 procedures. 
4. A general ‘two-point’ formula 
The most obvious way of addressing this issue of 
the unreliability of simple estimation procedures 
(as summarised in IAS 29) is to employ more ro- 
bust (sophisticated) estimating formulae. There are 
two possibilities here. First, one can sample an or- 
ganisation’s monetary position and the inflation 
rate more frequently than just the one or two ob- 
servations needed to implement the IAS 29 proce- 
dures. For example, if an organisation had monthly 
observations of both its monetary position and the 
rate of inflation, then its purchasing power gains 
and losses could be more reliably estimated using 
the low order polynomial formulae summarised in 
Table 1. The principal difficulty here, however, is 
that organisations would have to prepare detailed 
financial statements more frequently than is nor- 
mally the case and this will be a costly exercise 
that most organisations will want to avoid. 
Fortunately, there is a second alternative. 
This second alternative makes more realistic as- 
sumptions about the way an organisation’s mone- 
tary holdings vary over time. Here Cagan 
(1956:31) notes that ‘the only cost of holding cash 
balances that seems to fluctuate widely enough to 
account for the drastic changes in real cash bal- 
ances during hyperinflations is the rate of depreci- 
ation in the value of money ...’ Given this, it is 
probably reasonable to assume that for the hyper- 
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Figure 5 
Ratio of the average of four polynomial estimates to the IAS 29 estimate of the annual purchasing 
power loss on the Israeli currency from 1974 to 1987 
This graph depicts the ratio of two data series. The first is based on the four estimates of the purchasing power 
loss on the Israeli currency using the polynomial formulae summarised in Table 1 .  For each year, the four es- 
timates obtained from these formulae are averaged to give the first data series. The second data series estimates 
the purchasing power loss using the IAS 29 procedures. The graph summarises the ratio of the average poly- 
nomial estimate to the IAS 29 estimate of the purchasing power loss for each year of the Israeli hyperinflation. 
Figure 6 
Ratio of the average of four polynomial estimates to the IAS 29 estimate of the annual purchasing 
power loss on the Peruvian currency from 1976 to 1994 
W 1 
This graph depicts the ratio of two data series. The first is based on the four estimates of the purchasing power 
loss on the Peruvian currency using the polynomial formulae summarised in Table 1. For each year, the four 
estimates obtained from these formulae are averaged to give the first data series. The second data series esti- 
mates the purchasing power loss using the IAS 29 procedures. The graph summarises the ratio of the average 
polynomial estimate to the IAS 29 estimate of the purchasing power loss for each year of the Peruvian hyper- 
inflation. 
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inflationary economies examined in our empirical 
work the single most important determinant of an 
organisation's investment in monetary items will 
be the persistent eating away of the purchasing 
power of the currency due to inflation. Now, as 
P(t) is the price level at time t, it follows that 
x(t) = &j represents the 'purchasing power' of the 
currency at this time. Moreover, one can define the 
variable, z(t) = -log[G(x(t))], as the logarithm of 
an arbitrary function, G(x(t)), of the purchasing 
power of the currency. Differentiating through z(t) 
shows: 
dz(t) - - dz dG dx dP - G(x) P'(t) 
dt dG' dx 'dP. dt G(x) 'p2(t) 
or equivalently: 
113 
P(1)Immdt = - P(l).log[G(x(t))lo 1 = 
G(XYP2(t) 
0 
This result shows that if the nominal value of an 
organisation's investment in monetary items 
amounts to m(x) = at time t, then the loss in 
purchasing power over the unit time period can be 
stated in terms of the logarithm of the function, 
G(x). In principle, this means that one only re- 
quires the organisation's beginning and end of pe- 
riod investment in monetary items as well as the 
price index at these two points in order to deter- 
mine the purchasing power losses which arise in 
any given period. 
One can illustrate the application of this result 
by following the IAS 29 procedure for estimating 
purchasing power gains and losses which, it will 
be recalled, is based on the premise that an organ- 
isation's monetary position changes on just a few 
(typically, one or two) occasions over an annual 
reporting period. In between these changes, the or- 
ganisation's monetary position is assumed to re- 
main constant. Given this, suppose an organisation 
maintains a nominal &I investment in monetary 
items over an entire re orting period. This in turn 
It then follows from the above result that the loss 
in purchasing power must be: 
implies that m(x) = & G(x) 1 or that log[G(x)] = x. 
1 P(1) -P(O) 
P(l)Iamdt G(x) 'P2(t) = -P(l)[xl0 = P(0) 
0 
In other words, the loss in purchasing power from 
investing one pound in monetary items over the 
entire reporting period will, as one might have ex- 
pected, be given by the rate of inflation over this 
period.I2 
We have previously noted, however, that during 
hyperinflationary periods it is most unlikely that 
organisations will adjust their monetary holdings 
on just the few occasions on which the IAS 29 pro- 
cedures for estimating purchasing power losses are 
based. Rather, as the hyperinflation gains in inten- 
sity organisations will become ever more vigilant 
in pruning their monetary holdings to the mini- 
mum compatible with maintaining their ongoing 
activities. Given this, we now assume that an or- 
ganisation responds to the deteriorating hyperin- 
flationary environment in which it has to operate 
by gradually reducing the real value of its mone- 
tary holdings. Thus, suppose that the real value of 
an organisation's investment in monetary items 
evolves in terms of the hyperbolic relationship 
3 = + b where a and b are parameters. Note 
that as the hyperinflation gains in intensity and the 
price level, P(t), rises, this assumption implies that 
the real value of the organisation's investment in 
monetary items asymptotically declines towards 
the minimum, b, compatible with maintaining its 
ongoing activities. This also means that% = a +  $ 
or log[G(x)] = ax + blog(x) and so, the loss in pur- 
chasing power on the organisation's monetary 
holdings will be: 
1 
P( = -P( l)[ax + blog(x)lo = P2(t) 
0 
a. pO-p(0) P(0) + b.P( l).logl$$] 
I Z  One could also implement this procedure by taking the al- 
ternative approach of assuming that real monetary holdings 
are inversely related to the instantaneous rate of inflation 
(Cagan, 1956: 33-35, Lucas, 2000: 250-251). It is not hard to 
show, however, that this alternative procedure is compatible 
with the approach taken in the text. Recall that under the inter- 
pretation of the "two-point'' formula taken in the text real 
monetary holdings are assumed to be of the form 
rn=L 
PO) w)' 
that is, m(t) is normalised to unity for illustrative purposes. 
This means that if one follows Cagan (1956:33-35) in assum- 
ing that the logarithm of real monetary holdings must also be 
inversely proportional to the rate of inflation or, 
1 l a  
log[-] = -a - P(t) P(t) dt 
where a > 0 is the constant of proportionality, that the index 
of prices will have to satisfy the differential equation 
l a  
~oE#"t)l= apct, dt 
Solving this differential equation shows that the two approach- 
es are compatible when the price index evolves in accordance 
with the equation P(t) = P(Ojcxp[ea-"]. 
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This ‘hyperbolic’ formula requires as inputs the 
opening and closing values of the price index, P(t), 
and the parameters a and b that describe the way in 
which the organisation’s real monetary holdings 
change in response to the declining purchasing 
power of the currency. Hence, provided the param- 
eters a and b are known (or can be reliably estimat- 
ed), then all that is required to implement this 
formula is the opening and closing values of the 
price index, P(t).I3 
One can illustrate the application of this hyper- 
bolic formula by applying it to the data of the 25 
hyperinflationary economies for which data are 
available from the IMF website. For each year of 
the hyperinflation in a given country the parame- 
ters a and b were estimated using the OLS regres- 
sion procedure. Thus, for the Argentinean 
hyperinflation a and b were estimated in the first 
instance by using the 12 monthly observations of 
m(t) and P(t) for the year ending 31 December 
197 1. These estimates of a and b were then used in 
ACCOUNTING AND BUSINESS RESEARCH 
conjunction with the (opening) price index on 31 
December 1970 and (closing) price index on 31 
December 1971 to estimate the purchasing power 
loss on the currency using the hyperbolic formula. 
This procedure was also replicated for each of the 
23 years for which the Argentinean hyperinflation 
lasted. For each year of the hyperinflation, we then 
computed the ratio of the estimated purchasing 
power loss under the hyperbolic formula to the 
average of the four estimates obtained from using 
the polynomial-based formulae summarised in 
Table 1 . I 4  The results of this exercise, summarised 
in Table 8a, show that the median ratio across the 
23 observations available for the Argentinean hy- 
perinflation is 1.0075. Moreover, the maximum of 
these 23 ratios is 1.0696 and occurs in 1990 while 
the minimum ratio of 0.7914 occurs in 1988. The 
summary information reported in Tables 8a and 8b 
for the other 24 hyperinflationary economies for 
which data are available from the IMF website are 
to be interpreted in the same way as those for the 
Argentinean hyperinflation. 
The results summarised in Table 8a and Table 8b 
show that for most countries in our sample the hy- 
perbolic formula returns estimated purchasing 
power losses that are very close to those obtained 
from the polynomial formulae. With the exception 
of Turkey, the median estimates of the purchasing 
power losses under the hyperbolic formula are all 
within 2.5% of the median estimates obtained from 
the polynomial-based formulae. Furthermore, there 
is substantial consistency across the estimates with 
most of the ratios summarised in Table 8 closely 
packed around unity. Thus, these results show that 
if realistic assumptions can be made about the way 
monetary items vary in response to changes in the 
purchasing power of the currency, then over any 
given period it is possible to make reliable esti- 
mates of the purchasing power losses that arise on 
the currency with as few as two observations. 
The importance of making realistic assumptions 
about the way monetary holdings respond to vari- 
ations in the purchasing power of the currency is 
highlighted by the Turkish hyperinflation. For 
Turkey, the median ratio of the estimated loss 
under the hyperbolic formula to the average of the 
estimated losses under the polynomial formulae is 
1.0906. This means that the hyperbolic formula re- 
turns estimated purchasing power losses that typi- 
cally, are around 9% larger than the estimates 
obtained from the polynomial-based formulae. In 
other words, for Turkey the assumption of hyper- 
bolic variations in the real currency on issue re- 
turns significantly different estimates of 
purchasing power losses when compared to those 
obtained under the polynomial formulae and as 
such, do not represent a realistic model of how 
monetary holdings adjust in response to variations 
in the purchasing power of the currency on issue.I5 
l 3  Again, one could implement the interpretation of the 
‘two-point’ formula taken here by assuming that real monetary 
holdings are inversely related to the instantaneous rate of in- 
flation. To provide a second example of the procedures in- 
volved, however, we now follow Lucas (2000:250-251) in 
assuming that real monetary holdings are inversely propor- 
tional to the square root of the rate of inflation or, 
where a > 0 is the constant of proportionality. Now, since the 
hyperbolic interpretation of the “two-point’’ formula given in 
the text assumes that real monetary holdings evolve in accor- 
dance with the formula 
it follows that the price index will have to satisfy the differen- 
tial equation 
1 dP(t) P(t) a d m  dt - a + b P ( t )  
Solving this differential equation shows that the two approach- 
es are compatible when the price index evolves in accordance 
with the equation 
Since we have previously argued that purchasing power 
losses computed from the polynomial-based formulae are more 
reliable than those obtained under the procedures endorsed in 
IAS 29, it follows that estimates obtained from the polynomial 
formulae are the appropriate benchmark to use here. 
l 5  Turkey is unique in that we were unable to find an inter- 
temporally consistent functional relationship between the real 
value of the currency on issue and the purchasing power of the 
Turkish lira. While there are functional forms that provide a 
satisfactory fit between these two variables over various sub- 
periods, it appears that no one functional form provides a sat- 
isfactory fit over the entire period on which our analysis is 
based. This has the important implication that a simple ‘two- 
point’ formula for estimating the purchasing power losses on 
the currency may not exist for Turkey. 
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It must also be emphasised that there are impor- 
tant implementation issues with respect to the two- 
point estimation formulae derived and illustrated 
in this section. Foremost among these is that the 
two-point estimation formulae normally include 
parameters that must either be known or can be es- 
timated with minimal error. The hyperbolic formu- 
la, for example, hinges on two parameters, a and b, 
that capture the way in which an organisation’s 
real monetary holdings respond to variations in the 
purchasing power of the currency. In our empirical 
analysis, we estimated these parameters over suc- 
cessive annual periods using monthly observations 
and the OLS regression procedure. In the “real 
world”, however, an efficient organisation’s mon- 
etary assets and liabilities will be constantly man- 
aged in order to minimise the purchasing power 
losses that arise from them and so one would ex- 
pect that these parameters (a and b) will either be 
readily available or can be determined with little 
difficulty . 
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based on this methodology and then use them to 
estimate the purchasing power losses that have 
arisen on the national currencies of 32 hyperinfla- 
tionary economies covering an exhaustive set of 
hyperinflationary environments and spanning a 
period in excess of 80 years. Our analysis shows 
that the estimation procedures summarised in IAS 
29 perform poorly in comparison to the more reli- 
able polynomial estimation formulae, especially 
when the inflation rate accelerates towards the end 
of a relatively short hyperinflationary period. 
There are, however, some distinct advantages 
with the estimation procedures summarised in the 
IAS 29 standard. The most obvious of these is that 
the IAS 29 estimation procedures can be imple- 
mented with just a few (typically, one or two) ob- 
servations of an organisation’s monetary holdings 
and the price index from which the rate of inflation 
is computed. Against this, the polynomial estima- 
tion formulae require monthly observations of the 
monetary holdings and price index data in order to 
estimate the purchasing power gains and losses 
that arise over an annual time period. We show, 
however, that if one makes ‘realistic’ assumptions 
about the way an organisation’s monetary holdings 
respond to variations in the purchasing power of 
the currency, then one can derive a general class of 
two-point estimation formulae that use only the 
sparse information set on which the IAS 29 esti- 
mation procedures are based. Moreover, our em- 
pirical analysis shows that these two-point 
formulae return estimated purchasing power gains 
and losses that are similar to those obtained from 
the more informationally demanding polynomial 
interpolation techniques. 
Our analysis also has important implications for 
the ‘quality’ of reported earnings during hyperin- 
flationary periods. An organisation’s earnings are 
regarded as having higher quality when larger 
sales and/or lower costs make a more significant 
contribution towards earnings increases than ‘arti- 
ficially’ created profits such as those arising from 
inflation (Hodge, 2003: 41-43, Schipper and 
Vincent, 2003: 99-106). In particular, the uncer- 
tainty created by the measurement problems that 
arise during periods of hyperinflation mean that 
the quality of reported earnings is lower during hy- 
perinflationary periods than will be the case during 
periods of stable prices. By providing a mecha- 
nism through which one of the more difficult 
measurement problems that arise in hyperinfla- 
tionary environments can be resolved, our analysis 
makes an important contribution towards improv- 
ing the quality of the earnings reported by organi- 
sations that have to operate in a hyperinflationary 
environment. 
5. Summary and conclusions 
The International Accounting Standards Board 
(IASB) has endorsed financial reporting standard 
IAS 29: Financial Reporting in Hyperinjlationary 
Economies to address the unique financial report- 
ing problems that arise in hyperinflationary envi- 
ronments. Para. 9 of IAS 29 requires that the net 
gain or loss in purchasing power from holding 
monetary assets and liabilities must be disclosed 
on an organisation’s profit and loss statement. IAS 
29 endorses an estimation procedure based on the 
simple assumption that an organisation’s monetary 
position changes on just a few (typically, one or 
two) occasions over an annual reporting period 
and that in between these changes its monetary po- 
sition remains constant. In contrast, we treat the 
problem of estimating purchasing power gains and 
losses that arise on an organisation’s monetary 
holdings as an exercise in numerical analysis. 
Under this regime, purchasing power gains and 
losses are estimated by fitting interpolating poly- 
nomials to an organisation’s monetary holdings 
and the price index from which the inflation rate is 
computed. We develop four estimation formulae 
l 6  Lucas (2000: 247) notes that ‘it is in everyone’s private 
interest to try to get someone else to hold non-interest-bearing 
cash and reserves. But someone has to hold i t  all _ _ _ .  All of us 
spend several hours per year in this effort, and we employ 
thousands of talented and highly trained people to help us. 
These person-hours are simply thrown away, wasted on a task 
that should not have to be performed at all.’ 
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Appendix 
Derivation of quadrature formulae 
Let f(t) = % be the real monetary holding and g(t) = log[P(t)] be the logarithm of the price index, both at 
time t. Now, suppose one approximates f(t) and g(t) as second degree (quadratic) interpolating polynomials. 
One can then follow the procedures laid down in Carnahan, Luther and Wilks (1969: 72-73) to show that the 
loss in purchasing power over the unit time period will then be approximated as: 
2 
)f(t)dg(t) S[f(O) + uAf(0) + y A 2 f ( 0 ) ] [ A g ( 0 )  +&$A2g(0)]du 
0 0 
where Af(0) = f ( i )  - f(0) and A2f(0) = f( 1) - 2f(i) + f(0) are the first and second differences in the real mon- 
etary holdings and Ag(0) = g(3) - g(0) and A2g(0) = g( 1 )  - 2g(3) + g(0) are the first and second differences in 
the logarithm of the price index. Evaluating the above integral shows: 
5 I 1 1 
Jf(t)dg(t) = 2f(O)Ag(0)+ 2Af(O)Ag(O) + f(0)A2g(0) + TAf(0)A2g(0) + TAg(0)A2f(0) + zA2f(0)A2g(0) 
0 
Simplifying the above expression by substituting the first and second differences for f(.) and g(.) shows: 
Now, suppose one applies this formula on a bi-monthly basis over the fiscal year, beginning with the months 
January and February. It then follows that % will be the real monetary position on 1 January, will be 
the real monetary position on 31 January and % will be the real monetary position on 28 February. 
Likewise, log[P(O)] will be the logarithm of the price index on 1 January, log[P(i)] will be the logarithm of the 
price index on 3 1 January and log[P( l)] will be the logarithm of the price index on 28 February. Moreover, this 
means that the second degree interpolation formula for 
1 
Jf(t)dg(t) 
0 
given above, will be the estimated purchasing power loss for the months of January and February. One can 
apply this formula again to determine the estimated purchasing power loss for the months of March and April 
and then again to determine the estimated purchasing power loss for the months of May and June and so on for 
each bi-monthly period over the entire year. When one adds the six bi-monthly estimates of the purchasing 
power losses together then one will have the purchasing power loss for the entire year as determined by the fol- 
lowing formula: 
Here we have multiplied the expression 
by P( l),  the value of the price index on 3 1 December, in order to state the purchasing power loss at the price 
level prevailing at the end of the relevant year. The estimation formulae for first, third and fourth-degree inter- 
polation are derived in similar fashion to the formula given here for second-degree interpolation. 
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